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Abstract
There are great concerns about the impacts of soil biodiversity loss on
ecosystem functions and services such as nutrient cycling, food production,
and carbon storage. A diverse community of soil organisms that together
comprise a complex food web mediates such ecosystem functions and
services. Recent advances have shed light on the key drivers of soil food
web structure, but a conceptual integration is lacking. Here, we explore how
human-induced changes in plant community composition influence soil
food webs. We present a framework describing the mechanistic
underpinnings of how shifts in plant litter and root traits and microclimatic
variables impact on the diversity, structure, and function of the soil food
web. We then illustrate our framework by discussing how shifts in plant
communities resulting from land-use change, climatic change, and species
invasions affect soil food web structure and functioning. We argue that
unravelling the mechanistic links between plant community trait
composition and soil food webs is essential to understanding the cascading
effects of anthropogenic shifts in plant communities on ecosystem functions
and services.
Keywords
anthropogenic, soil, biodiversity
1
1
2
   Reviewer Status
  Invited Reviewers
 version 1
published
02 Jan 2018
 1 2
, University of Helsinki, Lahti,Heikki Setälä
Finland
1
, Clemson University,Nishanth Tharayil
Clemson, USA
2
 02 Jan 2018,  (F1000 Faculty Rev):4 (First published: 7
)https://doi.org/10.12688/f1000research.13008.1
 02 Jan 2018,  (F1000 Faculty Rev):4 (Latest published: 7
)https://doi.org/10.12688/f1000research.13008.1
v1
Page 1 of 12
F1000Research 2018, 7(F1000 Faculty Rev):4 Last updated: 17 JUL 2019
  Paul Kardol ( )Corresponding author: Paul.Kardol@slu.se
  : Conceptualization, Writing – Original Draft Preparation, Writing – Review & Editing;  : Conceptualization,Author roles: Kardol P De Long JR
Writing – Original Draft Preparation, Writing – Review & Editing
 No competing interests were disclosed.Competing interests:
 PK received financial support from Vetenskapsrådet (The Swedish Research Council).Grant information:
The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.
 © 2018 Kardol P and De Long JR. This is an open access article distributed under the terms of the Copyright: Creative Commons Attribution
, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.Licence
 Kardol P and De Long JR. How to cite this article: How anthropogenic shifts in plant community composition alter soil food webs
 F1000Research 2018,  (F1000 Faculty Rev):4 ( )[version 1; peer review: 2 approved] 7 https://doi.org/10.12688/f1000research.13008.1
 02 Jan 2018,  (F1000 Faculty Rev):4 ( ) First published: 7 https://doi.org/10.12688/f1000research.13008.1
Page 2 of 12
F1000Research 2018, 7(F1000 Faculty Rev):4 Last updated: 17 JUL 2019
Introduction
The soil food web consists of a large diversity of organisms 
differing in size and function. This includes root-associated 
biota such as pathogens or mutualists, saprotrophs involved 
in breaking down dead organic matter, and a variety 
of invertebrate consumers and predators at higher trophic 
levels1–3. As increasingly evidenced by empirical studies, 
soil food webs play a key role in the functioning of terrestrial 
ecosystems4–7. Soil food webs affect carbon (C) cycling (with 
consequences for C storage and hence mitigation of elevated 
atmospheric carbon dioxide concentrations) and nutrient cycling. 
On the one hand, soil food webs play an important role in 
controlling the supply of nitrogen (N) to plants by mineralizing 
organic N. However, N mineralized through the soil food web 
does not necessarily result in nutrients freely available for plants8. 
Soil food webs can promote retention of N in the soil system 
either directly through sequestration in their living or dead 
biomass or indirectly through changes to soil chemistry or 
structure, thereby preventing it from getting lost through leaching 
and denitrification. It has been shown how shifts in the composi-
tion, network structure, and connectivity of soil food webs can 
alter the rates of these important ecosystem processes4,7–10. The 
soil food web further plays an important role in disease suppres-
sion and plant protection against root pathogens11,12. Finally, 
the soil food web is critical to ecosystem resistance and resil-
ience against environmental disturbances and climate change. For 
example, studies have shown that fungal-based soil food webs 
associated with extensively managed grasslands (that is, managed 
with minimal capital, labor, and artificial inputs) were more 
resistant to experimental drought than bacterial-based food 
webs associated with intensively managed crop production13. 
Collectively, these recent advances indicate that changes in soil 
food web composition and connectivity have important conse-
quences for ecosystem functioning14.
Although most soil food webs are highly complex, compris-
ing a plethora of feeding relationships, including high levels of 
omnivory15, soil food webs are often simplistically described 
in terms of distinct trophic levels. Trophic levels are composed 
of organisms that occupy the same level in a food chain. In 
the soil food web, this would be primary consumers (for example, 
bacteria and fungi), secondary consumers (for example, microbial- 
feeding nematodes), and higher-level consumers or predators (for 
example, centipedes and predatory mites) (Figure 1). Each of 
these trophic levels can be composed of a large taxonomic and 
functional diversity of organisms5. A key question here is what 
are the main drivers of the structure and functioning of soil food 
webs. Macroclimate and biogeographical influences may con-
strain the pool of soil species from which local soil food webs 
assemble16, but it is likely that resource availability plays a larger 
role in shaping soil food web structure, particularly at local 
scales. In most natural terrestrial ecosystems, about 80–90% of 
the C fixed in plant tissue ultimately enters the soil in the form of 
dead leaves and roots or via root exudation (that is, the release of 
Figure 1. Simplified conceptual illustration of pathways of plant resource input to the soil food web. Most of the carbon fixed in 
plant tissue enters the soil in the form of dead roots and leaves or via the exudation of organic compounds from the roots. These inputs 
form a food source for detritus feeders and primary decomposers (bacteria and fungi). Living plant roots provide a food source for root-
associated microbes (pathogens, nitrogen-fixing bacteria and mycorrhizal fungi) and root herbivores (root-feeding insect larvae and plant-
feeding nematodes). Primary decomposers are fed upon by secondary decomposers (such as protozoa, microbial-feeding nematodes, 
collembola, and mites). Finally, secondary consumers as well as root herbivores are preyed upon by predators (such as predatory mites and 
centipedes).
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organic compounds from the roots into the soil). These 
inputs form the basal resource pool for the soil food web17,18 
(Figure 1). Although studies have focused primarily on the input 
of aboveground plant litter (that is, leaves), more recently it has 
been shown that the input of root litter might be equally impor-
tant and, interestingly, could have differential effects on the soil 
food web19,20. Furthermore, living plant roots provide the 
food source for root-feeding insects and nematodes and other 
root-associated biota such as mycorrhizal fungi19,21.
Channels through which plant communities affect soil 
food webs
In recent years, it has been shown that individual plant species 
differ in their effects on the soil communities they support19,22–24. 
This implies that anthropogenic shifts in plant community 
composition could have major impacts on soil web structure, as 
has been shown for urban green spaces, for example25. Here, 
we follow a simple framework describing three mechanistic 
pathways of how shifts in plant community composition drive 
soil food webs (Figure 2). First, plant species strongly differ in 
the quantity and quality (that is, the chemical composition) of leaf 
and root litter they return to the soil (Figure 3a). The chemical 
composition of plant litter determines its quality as a resource 
for detritus feeders and decomposer microbes26–30. As such, litter 
quality has often been indicated as a main driver of the relative 
Figure 2. Conceptual diagram of pathways of how shifts in 
plant community composition affect soil food webs. Natural and 
anthropogenic shifts in plant community composition can impact on 
soil food webs by changes in the quantity and chemical composition 
of litter (that is, dead plant tissue, shoots, and roots) (pathway 1); 
by changes in root morphology, tissue chemistry, and composition 
of exudates (pathway 2); or by changes in soil abiotic conditions, 
such as availability of resources (for example, nutrients and water) 
and microclimate (for example, temperature) (pathway 3). Changes 
in soil food web structure as mediated by shifts in plant community 
composition have important consequences for soil ecosystem 
functions, such as carbon and nutrient cycling and disease 
suppression. In turn, changes in soil ecosystem functioning can 
feed back to plant community composition (dotted line); feedback 
effects are not a focus of this article.
Figure 3. Plant root traits are important drivers of soil food web 
structure and functioning. (a) Plant communities often consist 
of multiple coexisting and interacting species varying in values of 
functional traits such as the quantity and chemical composition of 
litter they return to the soil. (b) Root nutrient acquisition traits (for 
example, associations with nitrogen-fixing bacteria or mycorrhizal 
fungi), architectural habitat traits (for example, root depth, diameter, 
and branching pattern), and chemical traits (for example, carbon-to-
nitrogen ratio and defense compounds) influence the composition 
and diversity of root-associated organisms and their consumers 
and predators. (c) Taxonomically and functionally diverse soil 
nematode communities are often used as indicators of soil food 
web structure and functioning. Soil nematodes can be allocated to 
feeding groups, composed of plant feeders (those who live and feed 
inside plant root tissue and those who feed externally from outside 
the root), bacterial and fungal feeders, omnivores, and predators. 
Photos: (a) anthropogenically constructed plant community at 
Tomtebo Koloniområde, Umeå, Sweden; (b) roots from mixed plant 
communities after harvest of a greenhouse experiment studying 
plant-soil feedbacks in old-field succession in the Netherlands31; 
(c) free-living soil nematodes extracted from soils from a possum 
exclosure experiment in the Kokatahi River valley in the western 
South Island of New Zealand32. Photo credits: Paul Kardol.
Page 4 of 12
F1000Research 2018, 7(F1000 Faculty Rev):4 Last updated: 17 JUL 2019
importance of fungi and bacteria in decomposition processes. 
Fungi are better able to digest complex, recalcitrant organic 
compounds (for example, condensed tannins and lignin), and 
bacteria are more specialized to break down simple, labile 
organic compounds (for example, sugars)33. However, this tra-
ditional view has recently been challenged, and evidence has 
emerged that fungi may use organic compounds that are more 
labile than previously expected34. Second, there has been increas-
ing interest in exploring how live plant roots affect soil food webs 
(Figure 3b). Root chemistry determines its attractiveness to soil 
pathogens and herbivores35, and root exudates are important in 
structuring microbial rhizosphere communities36–38. Third, plant 
species could affect soil organisms, and hence soil food web 
structure, through their effects on soil microclimate and abiotic 
properties39. For example, plant species differ in their effects 
on soil moisture, either directly through differences in water 
uptake or indirectly through effects of shading. Plants can also 
influence soil organisms through their effects on soil chemistry 
(for example, through nutrient depletion, nutrient mobilization, 
or the addition of allelopathic chemicals)40–42. Although each of 
these three pathways has been studied for individual plant 
species, these plant-mediated mechanisms are less well under-
stood for plant communities22,43,44. We argue that together these 
three pathways largely explain the responses of soil food web 
structure and functioning to changes in plant community pro-
ductivity, diversity, and composition. Finally, we propose that 
using a trait-based approach to help understand the mechanisms 
behind these drivers could provide further guidance.
Trait-based approaches in community ecology
The increased use of functional trait-based approaches in plant 
community ecology45,46 provides new avenues for understanding 
how shifts in plant communities can influence soil food webs. In 
plant community ecology, aboveground plant functional traits 
such as specific leaf area, leaf nutrient content, and leaf dry 
matter content have been widely used in place of taxonomic 
diversity measures to explain ecosystem processes and 
function47–50. Recently, recognition of the importance of root 
traits has gained increasing attention51–53, and greater focus has 
been put on linking root traits such as root dry matter content, 
nutrient content, and root architecture to soil processes. For 
example, changes to root traits associated with exudation could 
shift C allocation in the rhizosphere and have implications for 
the soil organisms involved in decomposition and C cycling54. 
Furthermore, biotic root traits that aid in nutrient acquisition, such 
as arbuscular versus ectomycorrhizal colonization, impact on the 
nutritional quality and total quantity of shoot and root litter that 
enters the soil food web55. To further elucidate the functional 
linkages between plant communities and the soil food web, recent 
work has developed and applied a trait-based approach to soil 
microbes56,57 and soil fauna58–60. It has been proposed that inves-
tigating the relationship between ‘effect traits’ (that is, traits that 
determine the effect of an organism on other organisms or its 
abiotic environment; in this case, plant root traits that influence 
soil biota) and ‘response traits’ (that is, traits that determine how 
an organism responds to other organisms or its abiotic environ-
ment; in this case, soil food web traits that respond to plants) across 
plant and soil communities could enable better predictions of 
ecosystem function61.
In trait-based ecology, there is often a strong focus on community- 
weighted mean traits (that is, community-level trait values 
weighted by species abundances)62. However, in affecting soil 
food web complexity and diversity, trait variability (that is, the 
range of variation in root and litter traits) is probably at least as 
important as community-weighted mean trait values. Therefore, 
to better understand how plant community trait composition 
affects the soil food web, we use the concept of trait packing and 
diversity. High trait packing in a plant community means a high 
diversity or variation in litter and root traits, leading to more 
complex, diverse, and stable soil food web structure and function 
(Figure 4). If a strong relationship exists between root and litter 
trait packing in the plant community and characteristics of the 
soil food web, this might translate to predictable responses in 
soil ecosystem function. For example, it has been shown that 
microbial community enzyme traits (that is, traits that help break 
down organic molecules) strongly control litter decomposition 
rates, which are determined in part by the substrate quality (for 
example, N content) available to the microbes63. Therefore, inputs 
of chemically and structurally highly diverse litter, due to high 
trait packing within the plant community, could foster the develop-
ment of a trait-packed microbial community and a more diverse 
soil food web that could help maintain the delivery of multiple 
ecosystem functions related to nutrient and C cycling and plant 
productivity. Furthermore, changes to plant community trait 
composition that affect indirect interactions initiated by below-
ground predators (that is, behavioral traits) could change the pro-
ductivity and defense strategy traits of soil organisms on lower 
trophic levels in ways that affect soil food web connectivity64, 
which is important because more tightly connected soil food webs 
are known to promote nutrient retention9.
Below, we explore this framework of trait packing and diversity 
and, more generally, shifts in litter and root trait values. We focus 
on areas of research that illustrate how anthropogenic disturbances 
can affect plant community trait values, leading to shifts in soil 
food webs. Specifically, we focus on (1) land-use change and 
secondary succession, (2) climate change and species loss, and 
(3) plant invasions and range shifts because they are all topical 
areas of research that are heavily driven by anthropogenic dis-
turbance. We show that under these different scenarios, changes 
to plant community traits can generate major shifts in the soil 
food web, leading to positive or negative effects on how soil 
ecosystems function.
Land-use change and secondary succession
Plant trait shifts associated with agricultural practices strongly 
drive soil ecosystem functions. Crop residues (that is, litter traits) 
and crops with contrasting root traits can have major impacts 
on soil food web functioning50,65–67. For example, root exudate 
chemical traits have been shown to slow down soil microbial 
processes, and cereal crops cause slower phosphorus miner-
alization compared with legumes and this is potentially because 
of differences in exudate chemical composition68. Crop species 
and varieties may also strongly vary in root nutrient acquisition 
strategy, root chemical composition, and root architectural traits 
(for example, branching patterns)69. Although studies so far have 
focused mostly on coarse traits, such as C:N ratio and specific 
root length, such trait differences can impact upon microbial 
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communities68 and higher trophic levels of the soil food web70. 
Crop species also vary in their attractiveness to soil pests and 
pathogens, such as host-specific nematodes, because of their dis-
tinct root chemistry traits71. Given these inter-specific differences 
in crop traits, moving from monoculture cropping to mixed 
cropping would add traits to the system, thereby increasing trait 
packing and leading to positive effects on soil food web diver-
sity and functioning (Figure 4). Mixed cropping or using cover 
Figure 4. Hypothetical links between shifts in plant community trait composition and soil food web structure and function. Changes in 
plant community composition result in shifts in community-level values and variation of litter and root traits, which in turn affect the composition, 
diversity, and connectivity (that is, the number of observed pair-wise interactions expressed as a fraction of the total number of interactions 
possible) of the soil food web. These changes in the soil food web can have important implications for soil ecosystem functions such as 
nutrient retention and pathogen suppression. The example shown here illustrates a shift from a simple plant community (for example, an 
early-successional monoculture) toward a diverse, complex plant community (for example, late-successional, species-rich grasslands or 
shrubland). Here, the plant community shifts from low to high trait packing and diversity; that is, in simple plant communities, some trait 
space will be unoccupied, whereas in complex plant communities, the higher diversity of species covers a much wider variety of trait space, 
leaving little trait space unoccupied. For example, with an increase in plant diversity during long-term ecosystem development in Western 
Australian shrubland, the diversity of plant nutrient acquisition strategies increases, and almost all nutrient acquisition strategies currently 
known are represented in the most diverse plant communities41,72,73. Diverse, tightly packed plant trait space promotes a greater abundance 
and diversity of soil biota, connectivity among soil biota, retention of soil nutrients, and resistance and resilience against disturbances. (See 
Introduction for further explanation.) For example, greater diversity of soil biota may increase soil food web resilience against drought13. We 
note that plant communities do not necessarily shift from ‘simple’ to ‘complex’ or vice versa; other compositional changes (such as changing 
composition during succession or plant invasions) with consequent shifts in trait composition are possible. Therefore, our framework can also 
be applied to shifts in plant trait composition other than those associated with trait packing and diversity per se.
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crops ensures higher inputs of organic matter into the soil74 and 
increases the diversity of food sources available for different 
members of the soil food web75,76. This, in turn, stimulates the 
activity and diversity of soil organisms10,75,77 and might improve 
N retention78. For example, using nematode communities as 
indicators for soil food web structure (Figure 3b), Leslie et al.79 
showed that cover crops increased soil food web complexity. 
Similarly, Chauvin et al.65 showed how incorporating litter 
from three cover crops with contrasting biochemical character-
istics into a banana field affected microbe-nematode food webs, 
and the two litters that were most rich in labile compounds 
(polysaccharides) increased fungi and bacteria and those nema-
tode groups that fed upon them. Interestingly, these two litters were 
also most effective in suppression of plant-parasitic nematodes. 
Taken together, agricultural practices that promote plant trait 
packing and diversity will likely generate higher connectivity 
in the soil food web, which will lead to increased resistance and 
resilience to anthropogenic disturbances in cropping systems80.
A relatively large body of research has focused on how shifts in 
plant community composition after conversion of agricultural 
land to (semi)natural systems affect soil food webs and their 
functioning2,8,9,81. Depending on the management and grazing 
intensity after abandonment, plant communities typically develop 
toward species-rich grassland or forest81–83. Successional changes 
in plant community composition result in important shifts in lit-
ter and root traits, and increases in plant diversity result in more 
trait packing (Figure 4). For example, Prieto et al.84 showed clear 
shifts in morphological and chemical root traits across a land-use 
intensity gradient from disturbed annual crop communities to 
undisturbed forests. Specifically, fine roots increased in C and 
lignin concentration and decreased in specific root length with 
decreasing land-use intensity84. In other words, root trait spectra 
shifted from a resource acquisition to a conservation strategy. 
Shifts in plant trait spectra associated with land-use change 
strongly impact on soil food webs2,85,86. Morriën6 nicely illustrated 
how soil food webs change during secondary succession after 
cessation of agricultural land use. Notably, increased input of 
litter with high concentrations of recalcitrant organic com-
pounds stimulated detritus feeders and microbes specialized in 
breaking down complex organic compounds, and concomitant 
declines in soil nutrient availability helped promote soil food web 
connectivity (that is, stronger trophic interactions and increased 
tightening of the networks of soil biota)6,9. Furthermore, increased 
dominance of slow-growing, later-successional plant species, 
which more strongly depend on associations with mycorrhizal 
fungi than early species, could shift the fungal community from 
fast-growing and pathogenic species to slower-growing, beneficial 
species87. This could affect the rate of C flow through the soil 
food web8.
Climate change and species loss
Climatic changes driven in part by anthropogenic activities can 
strongly influence plant community composition. An increasing 
number of studies have shown how plant traits are related to 
climatic adaptation88,89 and how climate-induced changes in 
plant community composition can cause major shifts in root and 
litter trait spectra (for example, for traits that drive water-use 
efficiency and temperature sensitivity)90–92. Warming affects plant 
physiology and phenology and ultimately can result in altered 
plant dominance and shifts in range distributions of plant species 
(see ‘Plant invasions and range shifts’ section below). However, 
changes in precipitation regime, such as longer and more intense 
droughts, could be expected to most dramatically affect plant 
community trait spectra, at least in short to moderate timescales93. 
For example, along an aridity gradient, root tissue density and 
specific root length may shift to more conservative values with 
increasing aridity, and the diversity of acquisition trait values 
may increase, facilitating a wider array of resource acquisition 
strategies under conditions of water stress94. In old-field com-
munities, experimental drought shifted plant cover dominance 
from a woody, N-fixing sub-shrub to a C3 bunchgrass and had 
far-reaching consequences for soil food web structure. Moreover, 
microbial enzyme activities and nematode feeding group 
composition indicated higher soil food web complexity but 
slower rates of nutrient cycling in soils beneath the sub-shrub 
compared with the grass, most likely because of high concentra-
tions of polyphenolics and lignin in organic residues from the 
sub-shrub43. In general, drought- and other climate-induced 
changes in plant trait spectra could greatly modify or counteract 
direct climate impacts on the soil food web43,95,96.
Climate change not only may alter plant species composition but 
also can result in species loss97,98. In turn, loss of species from 
the plant community will lower litter and root trait diversity and 
packing (Figure 4). Although we are not aware of any studies 
explicitly testing how decreased trait packing under climate change 
would affect soil food webs, we can use plant species removal and 
biodiversity manipulation experiments to infer the consequences. 
Removal of plant functional groups in grasslands has shown 
that decreased functional group richness generally lowers the 
abundance of primary decomposers (microbes) and their consum-
ers (nematodes), and these effects are strongest when the most 
dominant plant functional groups are removed99. Loss of plant 
functional groups also decreased the ratio between bacterial- 
and fungal-feeding nematodes, which could be partly linked to 
shifts in nematode food resources. These shifts in soil food web 
composition in response to plant functional group loss could 
be associated with lower nutrient and C retention in the soil99. 
Effects of plant functional group removal on soil food web 
components in the boreal forest depended on plant group 
dominance but could generally be explained by reductions in 
the quantity and quality of plant litter input to the soil100,101. 
Essentially, the loss of highly labile (that is, nutrient-rich) litter 
inputs caused by deciduous shrub removal may have detrimentally 
impacted on the microbial and nematode communities because 
these two groups are highly dependent on such inputs as both 
direct and indirect food sources100,101. For randomly assembled 
plant communities, the effects of lower plant species and functional 
group richness on soil biota are mostly negative but weaker 
for soil biota occupying higher levels in the soil food web102. For 
nematodes, these effects of plant species and functional group 
diversity have been linked to changes in litter quality (that is, plant 
shoot C:N ratio)103, but potential effects mediated through shifts in 
root nutrient acquisition, architectural, and chemical traits remain 
to be tested.
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Plant invasions and range shifts
Exotic invasive plant species introduced by humans are alter-
ing plant community composition across the globe104, and debate 
concerning the consequences of plant invasions for ecosystem 
functioning continues105. Invasive plants generally have higher 
values for traits associated with growth rate, tissue nutrient 
content, and competitive ability (that is, production of allelopathic 
chemicals in litter or root exudates) compared with natives106,107. 
Therefore, invasive plants can introduce novel traits into the 
existent plant community that could affect the soil food web. 
For example, allelopathic chemicals produced by the invasive 
tree Ailanthus altissima can hinder soil microbial activity and 
thereby nutrient mineralization, while high litter production can 
increase earthworm abundance, potentially offsetting this negative 
effect108. Furthermore, invasion by the forb Solidago gigantea 
increased fungal biomass and had disproportionate cascade 
effects on certain fungal-feeding nematode taxa that were prob-
ably due to disparate feeding abilities among the nematodes109. 
In contrast, invasion by a grass resulted in less allocation of C to 
higher trophic levels of soil nematodes compared with a native 
grass species110. Taken collectively, traits associated with con-
trasting functional groups of invasive plants (that is, trees, forbs, 
and grasses) could lead to reduced trait packing (Figure 4), 
thereby minimizing the complexity of the soil food web by lead-
ing to the dominance of certain groups of soil organisms. This 
could reduce the ability of the soil food web to cycle nutrients8 
and stifle its resistance to disturbance. These findings highlight 
that invasive plants can bring new traits into a system, which 
might impact disproportionately on different groups of soil 
organisms, leading to alterations of functions provided by the 
soil food web.
Furthermore, expansion of plant species into previously 
un-colonized ranges (as expected under global warming; see 
‘Climate change and species loss’ section above) has the poten-
tial to introduce new species with new traits into the community 
and have repercussions for the soil food web. The widening of 
niche envelopes (that is, the environmental conditions neces-
sary for occupation by a certain species) that leads to range 
expansion111 could result in unique interactions between plant 
communities and the soil food web. For example, Wilschut 
et al.112 showed that range-expanding forbs could exert bottom- 
up control on root-feeding nematodes (likely through novel 
allelopathic chemicals exuded from their roots) but that native 
congeners tended to use top-down control through changes to 
the microbial community. This finding corroborates the novel 
weapons hypothesis113 and showcases the role that range- 
expanding plant traits can play in changing the soil food web. 
Range-expanding plants might also escape their enemies in the 
soil food web (that is, the enemy release hypothesis)114, and this, 
combined with favorable climatic conditions, could lead to 
successful establishment115. Furthermore, range-expanding plants 
might fail to find suitable decomposer organisms for their litter 
(that is, lack of home-field advantage effects)116 because of 
mismatches in litter chemistry traits and soil organisms special-
ized in breaking down this litter. Finally, range-expanding plants 
may not establish mycorrhizal associations (that is, incompatible 
root nutrient acquisition traits; Figure 4)117, potentially leading 
to failed colonization118. However, there is a lack of empirical 
evidence for these effects and further studies are needed to 
understand how range expansion impacts on trait packing in the 
plant community and thereby the soil food web (Figure 4).
Conclusions
Anthropogenic shifts in plant community composition and 
diversity are likely to have major implications for the composi-
tion and function of soil food webs as well as the services they 
provide. Much recent progress has been made, and our trait- 
based conceptual model provides guidance for future studies 
to elucidate the underlying mechanisms of how shifts in plant 
community traits could lead to cascade effects belowground. 
The following areas in particular warrant future attention: (1) We 
know relatively well how functional differences among individ-
ual plant species affect soil food webs, but much less is known 
about the effects of complex plant communities where multi-
ple species coexist and interact. Here, it would be of interest to 
separate the effects of community-weighted mean values from the 
diversity of traits represented in the community. (2) The majority 
of studies inferring changes in soil food web functioning focus 
exclusively on microbes or use soil nematode communities as 
indicators of soil food web structure. These approaches have 
yielded important insights, but to fully understand the role of soil 
food webs in how shifts in plant community composition affect 
soil ecosystem functioning, we need to look at whole soil food 
webs, including organisms at higher trophic levels. (3) Knowl-
edge about the quality and quantity of substrate required by soil 
microbes and fauna is increasing, and ideas about interactions 
between different trophic levels are being revised. However, 
further studies are needed to understand the complex transfer-
ring of energy between the different organisms in the soil food 
web. Therefore, it is integral to investigate how energy transfer 
within the soil food web is driving key ecosystem processes 
and to focus particularly on the traits involved. (4) Plant trait- 
based research has seen a steep increase in activity in recent 
years, including new research explicitly focusing on root traits. 
However, the traits most commonly used in these studies are not 
always the most meaningful in terms of their importance for the 
functioning of soil communities. Instead of focusing on coarse 
traits, such as C:N ratios of shoots and roots, it would be more 
ecologically informative to look at the molecular construction of 
plant-derived C and N compounds, such as phenolics and their 
derivatives, which are known drivers of soil microbial activity 
and resource use efficiency95, which link more strongly to 
ecosystem processes and function. (5) Soil food webs often 
respond slowly and show remarkable resistance to environ-
mental changes. Hence, the effects of shifts in plant community 
composition may become apparent only at larger timescales. 
This requires long-term studies and awareness of long-lasting 
soil legacies. (6) Many studies exploring the relationships 
between plant communities and soil food webs use observational 
approaches9,81,119–122. Although observations allow coverage of 
large spatial and temporal scales (that is, chronosequences), these 
studies do not disentangle the mechanisms. We advocate for 
additional empirical studies explicitly manipulating litter and root 
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trait spectra and diversity. Only through continued research will 
we be able to better understand how anthropogenically driven 
shifts in plant community composition will affect complex soil 
food web interactions and the ecosystem services that they 
provide.
Author contributions
PK and JRD conceived the idea, wrote the manuscript, and 
have agreed to the final content.
Competing interests
The authors declare that they have no competing interests.
Grant information
PK received financial support from Vetenskapsrådet (The Swedish 
Research Council).
Acknowledgments
The authors thank Phong Tran for his masterly help with 
Figure 4.
References F1000 recommended
1. de Ruiter PC, Neutel AM, Moore JC: Modelling food webs and nutrient cycling in 
agro-ecosystems. Trends Ecol Evol. 1994; 9(10): 378–83.  
PubMed Abstract | Publisher Full Text 
2. Holtkamp R, Kardol P, van der Wal A, et al.: Soil food web structure during 
ecosystem development after land abandonment. Appl Soil Ecol. 2008; 39(1): 
23–34.  
Publisher Full Text 
3. Moore JC, Walter DE, Hunt HW: Arthropod Regulation of Micro- and Mesobiota 
in Below-Ground Detrital Food Webs. Annu Rev Entomol. 1988; 33: 419–35. 
Publisher Full Text 
4.  de Vries FT, Thébault E, Liiri M, et al.: Soil food web properties explain 
ecosystem services across European land use systems. Proc Natl Acad Sci U S A. 
2013; 110(35): 14296–301.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 
5. Kardol P, Throop HL, Adkins J, et al.: A hierarchical framework for studying the 
role of biodiversity in soil food web processes and ecosystem services. Soil 
Biol Biochem. 2016; 102: 33–6.  
Publisher Full Text 
6. Morriën E: Understanding soil food web dynamics, how close do we get? Soil 
Biol Biochem. 2016; 102: 10–3.  
Publisher Full Text 
7. Ruf A, Kuzyakov Y, Lopatovskaya O: Carbon fluxes in soil food webs of 
increasing complexity revealed by 14C labelling and 13C natural abundance. Soil 
Biol Biochem. 2006; 38(8): 2390–400.  
Publisher Full Text 
8. Holtkamp R, van der Wal A, Kardol P, et al.: Modelling C and N mineralisation 
in soil food webs during secondary succession on ex-arable land. Soil Biol 
Biochem. 2011; 43(2): 251–60.  
Publisher Full Text 
9.  Morriën E, Hannula SE, Snoek LB, et al.: Soil networks become more 
connected and take up more carbon as nature restoration progresses.  
Nat Commun. 2017; 8: 14349.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 
10.  Zhang X, Ferris H, Mitchell J, et al.: Ecosystem services of the soil food 
web after long-term application of agricultural management practices. Soil Biol 
Biochem. 2017; 111: 36–43.  
Publisher Full Text | F1000 Recommendation 
11. Loranger-Merciris G, Cabidoche YM, Deloné B, et al.: How earthworm activities 
affect banana plant response to nematodes parasitism. Appl Soil Ecol. 2012; 52: 
1–8.  
Publisher Full Text 
12.  Shao Y, Zhang W, Eisenhauer N, et al.: Nitrogen deposition cancels out 
exotic earthworm effects on plant-feeding nematode communities. J Anim Ecol. 
2017; 86(4): 708–17.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 
13. de Vries FT, Liiri ME, Bjørnlund L, et al.: Land use alters the resistance and 
resilience of soil food webs to drought. Nature Climate change. 2012; 2: 276–80. 
Publisher Full Text 
14.  Cárdenas RE, Donoso DA, Argoti A, et al.: Functional consequences of 
realistic extinction scenarios in Amazonian soil food webs. Ecosphere. 2017; 
8(2): e01692.  
Publisher Full Text | F1000 Recommendation 
15. Wolkovich EM: Reticulated channels in soil food webs. Soil Biol Biochem. 2016; 
102: 18–21.  
Publisher Full Text 
16. Tedersoo L, Bahram M, Põlme S, et al.: Fungal biogeography. Global diversity 
and geography of soil fungi. Science. 2014; 346(6213): 1256688.  
PubMed Abstract | Publisher Full Text 
17. Bardgett RD, Bowman WD, Kaufmann R, et al.: A temporal approach to linking 
aboveground and belowground ecology. Trends Ecol Evol. 2005; 20(11): 634–41. 
PubMed Abstract | Publisher Full Text 
18. Pollierer MM, Langel R, Körner C, et al.: The underestimated importance of 
belowground carbon input for forest soil animal food webs. Ecol Lett. 2007; 
10(8): 729–36.  
PubMed Abstract | Publisher Full Text 
19. Eisenhauer N, Reich PB: Above- and below-ground plant inputs both fuel soil 
food webs. Soil Biol Biochem. 2012; 45: 156–60.  
Publisher Full Text 
20.  Fu X, Guo D, Wang H, et al.: Differentiating between root- and leaf-litter 
controls on the structure and stability of soil micro-food webs. Soil Biol 
Biochem. 2017; 113: 192–200.  
Publisher Full Text | F1000 Recommendation 
21. Revillini D, Gehring CA, Johnson NC, et al.: The role of locally adapted 
mycorrhizas and rhizobacteria in plant-soil feedback systems. Funct Ecol. 
2016; 30(7): 1086–98.  
Publisher Full Text 
22. Bezemer TM, Fountain MT, Barea JM, et al.: Divergent composition but similar 
function of soil food webs of individual plants: plant species and community 
effects. Ecology. 2010; 91(10): 3027–36.  
PubMed Abstract | Publisher Full Text 
23. Kostenko O, Duyts H, Grootemaat S, et al.: Plant diversity and identity effects on 
predatory nematodes and their prey. Ecol Evol. 2015; 5(4): 836–47.  
PubMed Abstract | Publisher Full Text | Free Full Text 
24. Donoso DA, Johnston MK, Clay NA, et al.: Trees as templates for trophic 
structure of tropical litter arthropod fauna. Soil Biol Biochem. 2013; 61:  
45–51.  
Publisher Full Text 
25.  Hui N, Jumpponen A, Francini G, et al.: Soil microbial communities are 
shaped by vegetation type and park age in cities under cold climate. Environ 
Microbiol. 2017; 19(3): 1281–95.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 
26. Das S, Joy VC: Chemical quality impacts of tropical forest tree leaf litters on 
the growth and fecundity of soil Collembola. Eur J Soil Biol. 2009; 45(5–6): 
448–54.  
Publisher Full Text 
27. Fanin N, Hättenschwiler S, Barantal S, et al.: Does variability in litter quality 
determine soil microbial respiration in an Amazonian rainforest? Soil Biol 
Biochem. 2011; 43(5): 1014–22.  
Publisher Full Text 
28. Krashevska V, Sandmann D, Marian F, et al.: Leaf Litter Chemistry Drives the 
Structure and Composition of Soil Testate Amoeba Communities in a Tropical 
Montane Rainforest of the Ecuadorian Andes. Microb Ecol. 2017; 74(3): 681–90. 
PubMed Abstract | Publisher Full Text 
29. Setälä HM, Francini G, Allen JA, et al.: Vegetation Type and Age Drive Changes 
in Soil Properties, Nitrogen, and Carbon Sequestration in Urban Parks under 
Cold Climate. Front Ecol Evol. 2016; 4: 93.  
Publisher Full Text 
30. Strickland MS, Osburn E, Lauber C, et al.: Litter quality is in the eye of 
the beholder: Initial decomposition rates as a function of inoculum 
characteristics. Funct Ecol. 2009; 23(3): 627–36.  
Publisher Full Text 
31. Kardol P, Cornips NJ, van Kempen MM, et al.: Microbe-mediated plant-soil 
feedback causes historical contingency effects in plant community assembly. 
Ecol Monogr. 2007; 77(2): 147–62.  
Publisher Full Text 
32. Bellingham PJ, Kardol P, Bonner KI, et al.: Browsing by an invasive herbivore 
Page 9 of 12
F1000Research 2018, 7(F1000 Faculty Rev):4 Last updated: 17 JUL 2019
promotes development of plant and soil communities during primary 
succession. J Ecol. 2016; 104(6): 1505–17.  
Publisher Full Text 
33. Wardle DA, Bardgett RD, Klironomos JN, et al.: Ecological linkages between 
aboveground and belowground biota. Science. 2004; 304(5677): 1629–33. 
PubMed Abstract | Publisher Full Text 
34.  de Vries FT, Caruso T: Eating from the same plate? Revisiting the role of 
labile carbon inputs in the soil food web. Soil Biol Biochem. 2016; 102: 4–9.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 
35. Lattanzio V, Lattanzio VMT, Cardinali A: Role of phenolics in the resistance 
mechanisms of plants against fungal pathogens and insects. Phytochemistry: 
Advances in Research. 2006; 2006: 23–67.  
Reference Source
36.  Kaiser C, Kilburn MR, Clode PL, et al.: Exploring the transfer of recent 
plant photosynthates to soil microbes: mycorrhizal pathway vs direct root 
exudation. New Phytol. 2015; 205(4): 1537–51.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 
37. Haichar FeZ, Santaella C, Heulin T, et al.: Root exudates mediated interactions 
belowground. Soil Biol Biochem. 2014; 77: 69–80.  
Publisher Full Text 
38. Walker TS, Bais HP, Grotewold E, et al.: Root exudation and rhizosphere 
biology. Plant Physiol. 2003; 132(1): 44–51.  
PubMed Abstract | Publisher Full Text | Free Full Text 
39.  Bhusal DR, Tsiafouli MA, Sgardelis SP: Temperature-based bioclimatic 
parameters can predict nematode metabolic footprints. Oecologia. 2015; 
179(1): 187–99.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 
40. Bertin C, Yang X, Weston LA: The role of root exudates and allelochemicals in 
the rhizosphere. Plant Soil. 2003; 256(1): 67–83.  
Publisher Full Text 
41. Lambers H, Albornoz F, Kotula L, et al.: How belowground interactions 
contribute to the coexistence of mycorrhizal and non-mycorrhizal species in 
severely phosphorus-impoverished hyperdiverse ecosystems. Plant Soil. 2017; 
105: 1–23.  
Publisher Full Text 
42. Png GK, et al.: Biotic and abiotic plant-soil feedback depends on nitrogen-
acquisition strategy and shifts during long-term ecosystem development.  
J Ecol. in revision.
43. Kardol P, Cregger MA, Campany CE, et al.: Soil ecosystem functioning under 
climate change: plant species and community effects. Ecology. 2010; 91(3): 
767–81.  
PubMed Abstract | Publisher Full Text 
44. Sylvain ZA, Wall DH: Linking soil biodiversity and vegetation: implications for a 
changing planet. Am J Bot. 2011; 98(3): 517–27.  
PubMed Abstract | Publisher Full Text 
45.  Wright IJ, Reich PB, Westoby M, et al.: The worldwide leaf economics 
spectrum. Nature. 2004; 428(6985): 821–7.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 
46.  Díaz S, Kattge J, Cornelissen JH, et al.: The global spectrum of plant form 
and function. Nature. 2016; 529(7585): 167–71.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 
47. De Deyn GB, Cornelissen JH, Bardgett RD: Plant functional traits and soil 
carbon sequestration in contrasting biomes. Ecol Lett. 2008; 11(5): 516–31. 
PubMed Abstract | Publisher Full Text 
48. Diaz S, Hodgson JG, Thompson K, et al.: The plant traits that drive ecosystems: 
Evidence from three continents. J Veg Sci. 2004; 15(3): 295–304.  
Publisher Full Text 
49.  Verheijen LM, Aerts R, Brovkin V, et al.: Inclusion of ecologically based trait 
variation in plant functional types reduces the projected land carbon sink in 
an earth system model. Glob Chang Biol. 2015; 21(8): 3074–86.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 
50.  Faucon MP, Houben D, Lambers H: Plant Functional Traits: Soil and 
Ecosystem Services. Trends Plant Sci. 2017; 22(5): 385–94.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 
51. Laliberté E: Below-ground frontiers in trait-based plant ecology. New Phytol. 
2017; 213(4): 1597–603.  
PubMed Abstract | Publisher Full Text 
52. Bardgett RD, Mommer L, De Vries FT: Going underground: root traits as drivers 
of ecosystem processes. Trends Ecol Evol. 2014; 29(12): 692–9.  
PubMed Abstract | Publisher Full Text 
53. Lambers H, Raven JA, Shaver GR, et al.: Plant nutrient-acquisition strategies 
change with soil age. Trends Ecol Evol. 2008; 23(2): 95–103.  
PubMed Abstract | Publisher Full Text 
54. Bengtson P, Barker J, Grayston SJ: Evidence of a strong coupling between root 
exudation, C and N availability, and stimulated SOM decomposition caused by 
rhizosphere priming effects. Ecol Evol. 2012; 2(8): 1843–52.  
PubMed Abstract | Publisher Full Text | Free Full Text 
55.  Soudzilovskaia NA, van der Heijden MG, Cornelissen JH, et al.: Quantitative 
assessment of the differential impacts of arbuscular and ectomycorrhiza on 
soil carbon cycling. New Phytol. 2015; 208(1): 280–93.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 
56. Krause S, Le Roux X, Niklaus PA, et al.: Trait-based approaches for 
understanding microbial biodiversity and ecosystem functioning. Front 
Microbiol. 2014; 5: 251.  
PubMed Abstract | Publisher Full Text | Free Full Text 
57. Wallenstein MD, Hall EK: A trait-based framework for predicting when 
and where microbial adaptation to climate change will affect ecosystem 
functioning. Biogeochemistry. 2012; 109(1–3): 35–47.  
Publisher Full Text 
58. Filser J, Faber JH, Tiunov AV, et al.: Soil fauna: Key to new carbon models. Soil. 
2016; 2: 565–82.  
Publisher Full Text 
59. Grandy AS, Wieder WR, Wickings K, et al.: Beyond microbes: Are fauna the next 
frontier in soil biogeochemical models? Soil Biol Biochem. 2016; 102: 40–4. 
Publisher Full Text 
60. Pey B, Nahmani J, Auclerc A, et al.: Current use of and future needs for soil 
invertebrate functional traits in community ecology. Basic Appl Ecol. 2014; 
15(3): 194–206.  
Publisher Full Text 
61. Lavorel S, Storkey J, Bardgett RD, et al.: A novel framework for linking functional 
diversity of plants with other trophic levels for the quantification of ecosystem 
services. J Veg Sci. 2013; 24(3): 942–8.  
Publisher Full Text 
62. Garnier E, Lavorel S, Ansquer P, et al.: Assessing the effects of land-use change 
on plant traits, communities and ecosystem functioning in grasslands: a 
standardized methodology and lessons from an application to 11 European 
sites. Ann Bot. 2007; 99(5): 967–85.  
PubMed Abstract | Publisher Full Text | Free Full Text 
63. Allison SD: A trait-based approach for modelling microbial litter 
decomposition. Ecol Lett. 2012; 15(9): 1058–70.  
PubMed Abstract | Publisher Full Text 
64.  Hawlena D, Zaguri M: Fear and below-ground food-webs. Soil Biol Biochem. 
2016; 102: 26–8.  
Publisher Full Text | F1000 Recommendation 
65.  Chauvin C, Dorel M, Villenave C, et al.: Biochemical characteristics of 
cover crop litter affect the soil food web, organic matter decomposition, and 
regulation of plant-parasitic nematodes in a banana field soil. Appl Soil Ecol. 
2015; 96: 131–40.  
Publisher Full Text | F1000 Recommendation 
66.  Crotty FV, Fychan R, Scullion J, et al.: Assessing the impact of agricultural 
forage crops on soil biodiversity and abundance. Soil Biol Biochem. 2015; 91: 
119–26.  
Publisher Full Text | F1000 Recommendation 
67.  Sauvadet M, Chauvat M, Fanin N, et al.: Comparing the effects of litter 
quantity and quality on soil biota structure and functioning: Application to a 
cultivated soil in Northern France. Appl Soil Ecol. 2016; 107: 261–71.  
Publisher Full Text | F1000 Recommendation 
68. Tang X, Bernard L, Brauman A, et al.: Increase in microbial biomass and 
phosphorus availability in the rhizosphere of intercropped cereal and legumes 
under field conditions. Soil Biol Biochem. 2014; 75: 86–93.  
Publisher Full Text 
69.  Wendling M, Büchi L, Amossé C, et al.: Influence of root and leaf traits on 
the uptake of nutrients in cover crops. Plant Soil. 2016; 409(1–2): 419–34.  
Publisher Full Text | F1000 Recommendation 
70. DuPont ST, Beniston J, Glover JD, et al.: Root traits and soil properties in 
harvested perennial grassland, annual wheat, and never-tilled annual wheat. 
Plant Soil. 2014; 381(1–2): 405–20.  
Publisher Full Text 
71. Lafont A, Risède J, Loranger-Merciris G, et al.: Effects of the earthworm 
Pontoscolex corethrurus on banana plants infected or not with the plant-
parasitic nematode Radopholus similis. Pedobiologia. 2007; 51(4): 311–8. 
Publisher Full Text 
72.  Teste FP, Kardol P, Turner BL, et al.: Plant-soil feedback and the 
maintenance of diversity in Mediterranean-climate shrublands. Science. 2017; 
355(6321): 173–6.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 
73. Zemunik G, Turner BL, Lambers H, et al.: Diversity of plant nutrient-acquisition 
strategies increases during long-term ecosystem development. Nat Plants. 
2015; 1: 15050.  
Publisher Full Text
74. Boddey RM, Jantalia CP, Conceição PC, et al.: Carbon accumulation at depth in 
Ferralsols under zero-till subtropical agriculture. Glob Chang Biol. 2010; 16(2): 
784–95.  
Publisher Full Text 
75. Doblas-Miranda E, Paquette A, Work TT: Intercropping trees’ effect on soil 
oribatid diversity in agro-ecosystems. Agroforest Syst. 2014; 88(4): 671–8. 
Publisher Full Text 
76. Bainard LD, Klironomos JN, Gordon AM: Arbuscular mycorrhizal fungi in tree-
based intercropping systems: A review of their abundance and diversity. 
Pedobiologia. 2011; 54(2): 57–61.  
Publisher Full Text 
77. Vukicevich E, Lowery T, Bowen P, et al.: Cover crops to increase soil microbial 
diversity and mitigate decline in perennial agriculture. A review. Agron Sustain 
Page 10 of 12
F1000Research 2018, 7(F1000 Faculty Rev):4 Last updated: 17 JUL 2019
Dev. 2016; 36: 48.  
Publisher Full Text 
78. de Vries FT, Bardgett RD: Plant community controls on short-term ecosystem 
nitrogen retention. New Phytol. 2016; 210(3): 861–74.  
PubMed Abstract | Publisher Full Text | Free Full Text 
79.  Leslie AW, Wang K, Meyer SL, et al.: Influence of cover crops on 
arthropods, free-living nematodes, and yield in a succeeding no-till soybean 
crop. Appl Soil Ecol. 2017; 117–118: 21–31.  
Publisher Full Text | F1000 Recommendation 
80. de Vries FT, Wallenstein MD: Below-ground connections underlying above-
ground food production: A framework for optimising ecological connections 
in the rhizosphere. J Ecol. 2017; 105: 913–20.  
Publisher Full Text 
81. Kardol P, Bezemer TM, van der Wal A, et al.: Successional trajectories of soil 
nematode and plant communities in a chronosequence of ex-arable lands. Biol 
Conserv. 2005; 126(3): 317–27.  
Publisher Full Text 
82. Cramer VA, Hobbs RJ, Standish RJ: What’s new about old fields? Land 
abandonment and ecosystem assembly. Trends Ecol Evol. 2008; 23(2): 104–12. 
PubMed Abstract | Publisher Full Text 
83. Háněl L: An outline of soil nematode succession on abandoned fields in South 
Bohemia. Appl Soil Ecol. 2010; 46(3): 355–71.  
Publisher Full Text 
84.  Prieto I, Roumet C, Cardinael R, et al.: Root functional parameters along a 
land-use gradient: Evidence of a community-level economics spectrum. J Ecol. 
2015; 103(2): 361–73.  
Publisher Full Text | F1000 Recommendation 
85. Klarner B, Ehnes RB, Erdmann G, et al.: Trophic shift of soil animal species with 
forest type as indicated by stable isotope analysis. Oikos. 2014; 123: 1173–81. 
Publisher Full Text 
86. Klarner B, Winkelmann H, Krashevska V, et al.: Trophic niches, diversity and 
community composition of invertebrate top predators (Chilopoda) as affected 
by conversion of tropical lowland rainforest in Sumatra (Indonesia). PLoS One. 
2017; 12(8): e0180915.  
PubMed Abstract | Publisher Full Text | Free Full Text 
87.  Hannula SE, Morriën E, de Hollander M, et al.: Shifts in rhizosphere fungal 
community during secondary succession following abandonment from 
agriculture. ISME J. 2017; 11(10): 2294–304.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation
88.  Fort F, Volaire F, Guilioni L, et al.: Root traits are related to plant water-
use among rangeland Mediterranean species. Funct Ecol. 2017; 31: 1700–9. 
Publisher Full Text | F1000 Recommendation
89.  Šímová I, Rueda M, Hawkins BA: Stress from cold and drought as drivers of 
functional trait spectra in North American angiosperm tree assemblages. Ecol 
Evol. 2017; 7(18): 7548–59.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 
90.  Copeland SM, Harrison SP, Latimer AM, et al.: Ecological effects of extreme 
drought on Californian herbaceous plant communities. Ecol Monogr. 2016; 
86(3): 295–311.  
Publisher Full Text | F1000 Recommendation 
91. Fortunel C, Garnier E, Joffre R, et al.: Leaf traits capture the effects of land use 
changes and climate on litter decomposability of grasslands across Europe. 
Ecology. 2009; 90(3): 598–611.  
PubMed Abstract | Publisher Full Text 
92.  Soudzilovskaia NA, Elumeeva TG, Onipchenko VG, et al.: Functional traits 
predict relationship between plant abundance dynamic and long-term climate 
warming. Proc Natl Acad Sci U S A. 2013; 110(45): 18180–4.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 
93. Suseela V, Tharayil N: Decoupling the direct and indirect effects of climate on 
plant litter decomposition and terrestrial nutrient cycling. Glob Chang Biol. 2017. 
PubMed Abstract | Publisher Full Text 
94.  Butterfield BJ, Bradford JB, Munson SM, et al.: Aridity increases below-
ground niche breadth in grass communities. Plant Ecol. 2017; 218(4): 385–94.  
Publisher Full Text | F1000 Recommendation 
95. Mori AS, Fujii S, Kurokawa H: Ecological consequences through responses of 
plant and soil communities to changing winter climate. Ecol Res. 2014; 29(4): 
547–59.  
Publisher Full Text 
96. Thakur MP, Reich PB, Fisichelli NA, et al.: Nematode community shifts in 
response to experimental warming and canopy conditions are associated with 
plant community changes in the temperate-boreal forest ecotone. Oecologia. 
2014; 175(2): 713–23.  
PubMed Abstract | Publisher Full Text 
97. Thuiller W, Lavorel S, Araújo MB, et al.: Climate change threats to plant diversity 
in Europe. Proc Natl Acad Sci U S A. 2005; 102(23): 8245–50.  
PubMed Abstract | Publisher Full Text | Free Full Text 
98. Jump AS, Penuelas J: Running to stand still: Adaptation and the response of 
plants to rapid climate change. Ecol Letters. 2005; 8(9): 1010–20.  
Publisher Full Text 
99.  Chen D, Pan Q, Bai Y, et al.: Effects of plant functional group loss on 
soil biota and net ecosystem exchange: A plant removal experiment in the 
Mongolian grassland. J Ecol. 2016; 104(3): 734–43.  
Publisher Full Text | F1000 Recommendation 
100. de Long JR, Dorrepaal E, Kardol P, et al.: Understory plant functional groups 
and litter species identity are stronger drivers of litter decomposition than 
warming along a boreal forest post-fire successional gradient. Soil Biol 
Biochem. 2016; 98: 159–70.  
Publisher Full Text 
101. de Long JR, Dorrepaal E, Kardol P, et al.: Contrasting Responses of Soil 
Microbial and Nematode Communities to Warming and Plant Functional Group 
Removal Across a Post-fire Boreal Forest Successional Gradient. Ecosystems. 
2016; 19(2): 339–55.  
Publisher Full Text 
102.  Scherber C, Eisenhauer N, Weisser WW, et al.: Bottom-up effects of plant 
diversity on multitrophic interactions in a biodiversity experiment. Nature. 
2010; 468(7323): 553–6.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 
103.  Cortois R, Veen GF, Duyts H, et al.: Possible mechanisms underlying 
abundance and diversity responses of nematode communities to plant 
diversity. Ecosphere. 2017; 8(5): e01719.  
Publisher Full Text | F1000 Recommendation 
104. van Kleunen M, Dawson W, Essl F, et al.: Global exchange and accumulation of 
non-native plants. Nature. 2015; 525(7567): 100–3.  
PubMed Abstract | Publisher Full Text 
105. Simberloff D, Martin JL, Genovesi P, et al.: Impacts of biological invasions: 
what’s what and the way forward. Trends Ecol Evol. 2013; 28(1): 58–66.  
PubMed Abstract | Publisher Full Text 
106.  van Kleunen M, Weber E, Fischer M: A meta-analysis of trait differences 
between invasive and non-invasive plant species. Ecol Lett. 2010; 13(2): 235–45. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 
107.  van Kleunen M, Dawson W, Maurel N: Characteristics of successful alien 
plants. Mol Ecol. 2015; 24(9): 1954–68.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 
108.  Motard E, Dusz S, Geslin B, et al.: How invasion by Ailanthus altissima 
transforms soil and litter communities in a temperate forest ecosystem. Biol 
Invasions. 2015; 17(6): 1817–32.  
Publisher Full Text | F1000 Recommendation 
109. Quist CW, Vervoort MTW, van Megen H, et al.: Selective alteration of soil food 
web components by invasive giant goldenrod Solidago gigantea in two 
distinct habitat types. Oikos. 2014; 123(7): 837–45.  
Publisher Full Text 
110.  Zhang P, Nie M, Li B, et al.: The transfer and allocation of newly fixed 
C by invasive Spartina alterniflora and native Phragmites australis to soil 
microbiota. Soil Biol Biochem. 2017; 113: 231–9.  
Publisher Full Text | F1000 Recommendation 
111. Jones NT, Gilbert B: Biotic forcing: The push–pull of plant ranges. Plant Ecol. 
2016; 217(11): 1331–44.  
Publisher Full Text 
112.  Wilschut RA, Geisen S, ten Hooven FC, et al.: Interspecific differences 
in nematode control between range-expanding plant species and their 
congeneric natives. Soil Biol Biochem. 2016; 100: 233–41.  
Publisher Full Text | F1000 Recommendation 
113. Callaway RM, Ridenour WM: Novel weapons: Invasive success and the 
evolution of increased competitive ability. Front Ecol Environ. 2004; 2(8): 436–43. 
Publisher Full Text 
114. Agrawal AA, Kotanen PM, Mitchell CE, et al.: ENEMY RELEASE?: AN 
EXPERIMENT WITH CONGENERIC PLANT PAIRS AND DIVERSE ABOVE- AND 
BELOWGROUND ENEMIES. Ecology. 2005; 86(11): 2979–89.  
Publisher Full Text 
115. Urli M, Brown CD, Narváez Perez R, et al.: Increased seedling establishment via 
enemy release at the upper elevational range limit of sugar maple. Ecology. 
2016; 97(11): 3058–69.  
PubMed Abstract | Publisher Full Text 
116. Ayres E, Steltzer H, Simmons BL, et al.: Home-field advantage accelerates leaf 
litter decomposition in forests. Soil Biol Biochem. 2009; 41(3): 606–10.  
Publisher Full Text 
117. Van der Putten WH, Macel M, Visser ME: Predicting species distribution and 
abundance responses to climate change: why it is essential to include biotic 
interactions across trophic levels. Philos Trans R Soc Lond B Biol Sci. 2010; 
365(1579): 2025–34.  
PubMed Abstract | Publisher Full Text | Free Full Text 
118. Lankau RA, Zhu K, Ordonez A: Mycorrhizal strategies of tree species correlate 
with trailing range edge responses to current and past climate change. 
Ecology. 2015; 96(6): 1451–8.  
Publisher Full Text 
119. Bokhorst S, Kardol P, Bellingham PJ, et al.: Responses of communities 
of soil organisms and plants to soil aging at two contrasting long-term 
chronosequences. Soil Biol Biochem. 2017; 106: 69–79.  
Publisher Full Text 
120. Laliberté E, Kardol P, Didham RK, et al.: Soil fertility shapes belowground food 
webs across a regional climate gradient. Ecol Lett. 2017; 20(10): 1273–84. 
PubMed Abstract | Publisher Full Text 
121. Maharning AR, Mills AA, Adl SM: Soil community changes during secondary 
succession to naturalized grasslands. Appl Soil Ecol. 2009; 41(2): 137–47. 
Publisher Full Text 
122. Veen GF, de Long JR, Kardol P, et al.: Coordinated responses of soil 
communities to elevation in three subarctic vegetation types. Oikos. 2017; 
126(11): 1586–99.  
Publisher Full Text 
Page 11 of 12
F1000Research 2018, 7(F1000 Faculty Rev):4 Last updated: 17 JUL 2019
 Open Peer Review
  Current Peer Review Status:
Editorial Note on the Review Process
 are written by members of the prestigious  . They are commissioned andF1000 Faculty Reviews F1000 Faculty
are peer reviewed before publication to ensure that the final, published version is comprehensive and accessible.
The reviewers who approved the final version are listed with their names and affiliations.
The reviewers who approved this article are:
Version 1
The benefits of publishing with F1000Research:
Your article is published within days, with no editorial bias
You can publish traditional articles, null/negative results, case reports, data notes and more
The peer review process is transparent and collaborative
Your article is indexed in PubMed after passing peer review
Dedicated customer support at every stage
For pre-submission enquiries, contact   research@f1000.com
 Nishanth Tharayil
Department of Plant & Environment Sciences, Clemson University, Clemson, USA
 No competing interests were disclosed.Competing Interests:
1
 Heikki Setälä
Department of Environmental Sciences, University of Helsinki, Lahti, Finland
 No competing interests were disclosed.Competing Interests:
2
Page 12 of 12
F1000Research 2018, 7(F1000 Faculty Rev):4 Last updated: 17 JUL 2019
